Study design: Prospective, regional population-based study. Objectives: To provide the incidence, aetiology and injury characteristics of traumatic spinal cord injury (TSCI) in the City of Cape Town, South Africa. Setting: All government-funded hospitals within the City of Cape Town, South Africa. Methods: All survivors of acute TSCI, given that they met the inclusion criteria, were prospectively included for a 1-year period. The International Spinal Cord injury Core Data Set was used and systematically completed by specialist doctors. Further, international standards for neurological classification were adhered to. Results: In total, 147 cases of acute TSCI were identified and 145 were included in the study. The male to female ratio was 5.9:1 and the mean age was 33.5 years, ranging from 18 to 93. The crude incidence rate was 75.6 per million (95% CI: 64.3-88.8) with assault as the main cause of injury, accounting for 59.3% of the cases, followed by motor vehicle accidents (26.3%) and falls (11.7%). Most injuries occurred in the cervical spine (53.1%), and American Spinal Injury Association Impairment Scale A severity was most common (39.3%) in the cohort. Conclusion: The incidence rate of TSCI in a region of South Africa was high when compared to previously postulated figures for the country. There is a need for primary preventative strategies to target younger men that are exposed to violent activities. A national study is required to learn whether these findings are only locally applicable or generalisable.
INTRODUCTION
Injury to the spinal cord, due to trauma, could affect persons irrespective of age, gender, socioeconomic background, ethnicity and demographic location. 1, 2 As such, many countries have invested in establishing knowledge concerning the epidemiological profile of traumatic spinal cord injuries (TSCI). [3] [4] [5] Knowledge pertaining to the epidemiology of health conditions is essential for developing policies and preventative programs. Different causative factors could result in TSCI; therefore, knowledge and understanding of causes are imperative for geographically delineated prevention programs.
The global profile of TSCI had been studied recently. Studies found that incidence rates and injury characteristics across continents differ greatly. 1, 2, 6 However, methodological inconsistency is one of the reasons for this perceived disparity. A recent worldwide review 7 and another including developing countries only, 8 estimated incidence rates of TSCI between 3.6 and 195.4 and 2.1-130.7 per million, respectively. Further, younger males remain at greater risk and the main causes of injury are context dependant. 8 Uniform across reports were the limited empirical data available for the Carribean and Latin America, and specifically Africa and Asia. 1, 2, 6, 7 The lack of knowledge and prevention could result in a relatively stable incidence and an increased prevalence of TSCI.
In South Africa, two retrospective hospital-based studies have been conducted, two decades ago, investigating injury characteristics of persons with spinal cord injury (SCI), 9, 10 with no estimate of the incidence rate. Interestingly, they reported the main cause of injury to be due to gunshot and stab wounds. To date, no SCI register or database is available that prospectively record individuals with an SCI; hence, little is known whether the injury profile has changed or not. The aim of this study was to contribute to the global map of TSCI epidemiology using a prospective, population-based approach to estimate the incidence rate and to determine the main causes and injury characteristics of survivors in the City of Cape Town region, South Africa. Further, this study will assist in creating an evidencebased foundation for primary and secondary prevention of TSCI and its associated consequences.
MATERIALS AND METHODS Design
The prospective design was implemented for all citizens with governmentfunded healthcare insurance, comprising 75% of the total population. The observation period was 1 year, from 15 September 2013 to 14 September 2014.
Setting and implementation of active registration system
The study was conducted in the City of Cape Town region, which is situated in the Western Province of South Africa. The catchment is most diverse with regard to socioeconomic status and ethnicity, and consists of urban and periurban areas.
The population, at the end of 2013, was estimated at 3.86 million and is spread across an area of 2445 km 2 (see Table 1 ). The region is most inhabited by Coloured people (mixed race origin), comprising 42.4% of the population, followed by Africans representing 38.6%, Whites contributing 15.7% to the population, and the remaining 1.3% belonging to the Indian/Asian ethnic group.
A specialized acute SCI unit is situated in the City of Cape Town region, serving people in the Western Cape Province of South Africa. In the government-funded healthcare system, the SCI care is provided in a systematic manner with survivors receiving care at Groote Schuur Hospital acute SCI unit and specialized rehabilitation at another facility situated in Cape Town. However, due to limited resources (number of beds/placements) at the acute SCI unit, patients are accepted on a referral basis.
In order to maximise the coverage to all survivors of TSCI, other nonspecialized, referring hospitals in the catchment area that were responsible for their management, either for an interim period (until a placement became available at the specialized unit) or for the entire acute management period, were included. Thus, the registration system for TSCI included the screening of cases at the specialized acute SCI unit at Groote Schuur Hospital, the other tertiary hospital (Tygerberg), and referrals that were received from three secondary hospitals. Figure 1 illustrates the active registration system for the screening and inclusion of participants.
Inclusion criteria
Inclusion criteria for the study were: (1) confirmed acute traumatic spinal cord or cauda equina lesion, (2) age 18 or older at the time of injury, (3) admittance to one of the government hospitals within the catchment area, (4) survival for at least 7 days post trauma and maintaining TSCI as the primary diagnosis, (5) a resident of the country and of the catchment area, and (6) those that provided informed consent.
Data collection and procedure
The instrument for data collection consisted of the International SCI Core Data Set, as recommended by the members of the Executive Committee for the International SCI Data Sets Committees. 11 Variables included, date of birth, gender, date of injury, date of acute admission and discharge (duration of hospital stay), aetiology, presence of vertebral fractures and associated injuries, whether spinal surgery was performed, ventilator-dependence at discharge, and place of discharge. Assessment of neurological severity was done according to the International Standards for Neurological Classification of Spinal Cord Injury. 12 Two attending specialist doctors completed the International SCI Core Data Set for all admitted patients.
Statistical analyses and ethics
Participants' characteristics (for example, age, gender, duration of hospital stay, causes of injury and vertebral injuries) and injury characteristics (location of injury and completeness of injury) were analysed descriptively. Continuous variables were expressed as both, mean with standard deviation and median with range. Categorical variables were expressed as number of cases and percentages. For age, two sets of categories were created. For participants' characteristics and aetiology of injury, 15 year increments were used as recommended. 11 Concerning the age-specific incidence rates, 10 year increments were used in order to facilitate comparison between studies that reported the information. Differences between subgroups were analysed using Chisquare and Fischer's exact test. The incidence rate was calculated for the government-funded sector. The population at risk, for the crude incidence, was calculated using the end of 2013 population figures minus those under 18 years old and those with private medical care. The incidence rates (crude, age specific and gender specific), with 95% confidence intervals, were calculated using the Poisson distribution. Age and gender-adjusted incidence rates were calculated by the method of direct standardisation, using the World Health Organization standard population. We certify that all applicable institutional and Figure 1 Active registration system for TSCI registration in the City of Cape Town, South Africa.
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RESULTS

Study population characteristics
Overall, 147 individuals sustained a TSCI during the study period. Of the 145 consented cases, 124 (85.5%) were males, and the male to female ratio was 5.9:1. The mean age at injury was 33. 
Aetiology
The main cause of injury in this study was assault (59.3%), followed by transportation (26.3%) and falls (11.7%) (Figure 2 ). Only one sport-related injury was registered and three classified into the socalled 'other traumatic cause' (two work-related and one due to selfharm). With reference to the 'assault' category, 52% of injuries were caused by gunshots, 33% due to stab wounds, and 15% as a result of interpersonal violence involving blunt trauma. For falls (n = 17; n = 1 missing), 41% of the injuries were from heights greater than 3 m, 29% occurred on the same level, and 24% from heights between 1 and 3 m. Only two of the 13 falls in the three combined age categories (18-30, 31-45 and 46-60) occurred on the same level, compared to all in the ⩾ 61 years of age category. Concerning aetiological differences between males and females, the proportion of TSCI caused by assault was significantly higher (P = 0.03) in males (63%) than in females (38%). Falls together with assault were the leading causes of TSCI in females. Assault was the leading cause of TSCI in the age categories 18-30 and 31-45, whereas both transportation and falls were leading causes in the 46-60 and ⩾ 61 age groups.
Location and severity of injury Spinal injury to the cervical area (C1-8) was most common (53.1%), followed by injuries in the thoracic area (38.6%). Injury to the lumbar and sacral areas was least common (8.3%) (Figure 3 ). Fifty-seven (39.3%) participants were motor-sensory complete (AIS A) with the highest proportion of those having thoracic spinal injuries (55.4%). Participants with AIS D classifications constituted the second highest proportion, manifesting in 36.5%, and most common in those with cervical spinal injuries (35.1%). Comparing two categories for classification (tetraplegia vs paraplegia) and severity (complete vs incomplete), significantly more persons (50%) with paraplegia had complete injuries compared to those (28.6%) with tetraplegia (P = 0.01).
DISCUSSION
The first prospective, population-based study in the City of Cape Town, South Africa, revealed a high incidence of TSCI that occurred predominantly in males between the ages of 18 and 29 years and chiefly due to interpersonal violence (assault). The annual crude incidence of TSCI was 75.6 per million for the population under study, which was found to be among the highest in Abbreviations: AIS, American Spinal Injury Association Impairment Scale; AIS A, motor and sensory complete; AIS B, motor complete and sensory incomplete; AIS C, motor and sensory incomplete with more than half of key muscles with a strength less than grade 3; AIS D, motor and sensory incomplete with more than half of key muscles with a strength equal or greater than grade 3. a Duration of acute stay was calculated for n = 141, 4 participants were still hospitalised 2 months after the final date for inclusion in the incidence cohort, their data were not included. b Other refers to other hospital for palliative care (n = 9), those deceased during acute management (n = 4), those still hospitalised (n = 4) and missing data (n = 4 the world and comparable to estimates of 60.6 per million in China 13 and 52.5 per million in Canada. 14 The global incidence rate was estimated to be 23 cases per million, with the highest in North America (40 per million) and an interval for Africa ranging between 21 and 29 per million. 6 The results of this study suggested a much higher incidence of TSCI in South Africa than previously estimated. A recent epidemiological study on TSCI, conducted in Botswana (situated in SubSaharan Africa), reported an incidence of 13 per million population, 15 also much lower than reported in this study.
Overall, it is difficult to compare the incidence to other countries in Africa due to the lack of information concerning the epidemiology of TSCI. When comparing age-and gender-specific rates in this study, a significant difference was found between males and females for age categories 18-29, 30-39 and 40-49. The incidence for men in the age groups 18-29 and 30-39 were~200 and 125 per million, respectively. Very few studies report age and gender-specific incidence rates, information that is essential for the planning of relevant preventive strategies and for resource allocation. One recent study conducted in Estonia found similar peaks in males for the 20-29 (133.9 per million) and 30-39 (95.0 per million) age categories, 16 and an older Canadian study reported an incidence rate of 138.0 per million for men between 20 and 29 years of age. 14 The need exists to identify the factors that place this particular group at greater risk for TSCI compared with other age categories. In our study, the mean age at injury was 33.5 (median 29.0 years), lower than the global estimate, but comparable to studies conducted in the developing world. 8 Interpreting our results requires the consideration that this study included individuals from 18 years of age only. Therefore, we postulate that the mean and median age of onset would have been lower if all ages were studied.
Almost 60% of the TSCIs were caused by assault. In this study, the assault category comprised gunshots, stabs and blunt trauma. It was the leading cause for both genders, suggesting similar preventative needs. More than half of the assault cases were firearm related. Comparing the proportion of gunshots (31%) and stabs (20%) in this study to a study conducted two decades ago in the northern part of South Africa, it is evident that gunshot injuries (36%) and stab wounds (20%) remained relatively stable as the main causes of injury. 9, 10 It is inconclusive whether preventative strategies were ineffective or limited since earlier data from each specific region are lacking. However, it is reasonable to highlight the need for preventative initiatives when recognising the devastating consequences of firearm use.
The proportion of gunshot and stab wounds appears to be a unique problem in South Africa compared to other African countries. 15, 17, 18 Interpersonal violence cause an unprecedented burden of morbidity and mortality, 19 not only for SCI, but also for other health events. A national study in South Africa reported that violence-induced injuries are the second leading cause of death in the country. Although we could not provide evidence on the associated fatalities caused by assault, due to the scope of the study, our findings clearly showed that the main cause of TSCI morbidity was interpersonal violence. 19 A study focusing on mortality is warranted to determine the burden of TSCI due to preventable causes such as interpersonal violence.
The majority of the study population was tetraplegic with incomplete lesions, whereas those with paraplegia most commonly presented with complete injuries (AIS A). Interestingly, at discharge from acute hospitalisation none of the participants was ventilator-dependant. This is inconsistent with a recent report that included this key outcome. 20 We have initiated a currently ongoing study that investigates factors influencing mortality (during acute hospitalisation and 1-year followup), with a secondary aim to study the prognosis of those who were mechanically ventilated for a prolonged duration since admission. High incidence of TSCI in Cape Town, South Africa C Joseph et al
The strength of this study was the prospective, population-based design, which was the first to be conducted in a region of South Africa. Furthermore, the International SCI Core Data Set was used, as recommended for the standardized reporting of core data. Previously mentioned as ideal practise for TSCI registration, the core data set was completed by specialist doctors that could limit false-negative results. 20 The study presented with limitations that need consideration for future research. First, only those 18 years and above were included and those in the government-funded healthcare system; thus leaving a knowledge gap concerning paediatric TSCI and those with private healthcare insurance. Therefore, the incident cases in this study are likely an underestimation of the burden of TSCI morbidity in this region of South Africa. However, the incidence rate could be an overor underestimation. Second, the study setting was limited to one large region in the Western Province of South Africa; therefore, the results cannot automatically be generalised to other provinces in the country. Given these limitations, follow-up studies should include all ages, survivors in both healthcare systems, settings in other provinces, and the International SCI Core Data Set along with the International Classification of External Causes of Injury should be implemented in all hospitals nationwide involved in SCI care in order to fully represent the nation of South Africa.
In conclusion, the first prospective, population-based study found that the incidence rate of newly injured survivors was high (75 per million), peaking in males between 18 and 29 years of age. TSCI due to interpersonal violence was alarmingly high, among the highest in the world. The results provided some evidence to suggest a need for preventative programs.
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